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Cross-prediction of wind and
turbulence using Whiffle LES



Example cross-prediction in complex terrain

Whiffle LES provides fully time-correlated wind speed and turbulence (cross) predictions.
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Every point indicates one 10 min average wind speed ratio vs. the mean wind direction in that interval.
Whiffle LES captures observed distribution of wind speed and turbulence intensity ratios.
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occurence [-]

Example cross-prediction in complex terrain

Whiffle LES provides fully time-correlated wind speed and turbulence (cross) predictions.
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Example cross-prediction in complex terrain

For comparison with more traditional tools like WaSP and RANS-CFD, the time series output are reduced to sectorial mean wind speed (and
turbulence intensity in the case of LES) and the sectorial mean ratios can be calculated. From this, cross-prediction accuracy can be quantified by
the sectorial weighted mean percentage error (WMPE) and the sectorial weighted mean absolute percentage error (WMAPE) metrics.

Wind speed Turbulence intensity
1.05 0
B — — L 1400— obs EE o — - 1400 ;>7bzo|
— _ (=] Rellm' E— J.u-les

\‘é’ 100 4 | 17.0.0-les ﬁl“’.
= o — L
£— — - 1200 03 1200
3 £ NS

IS 0.95 - 0% 1.6
o © . | _ B
— I~ . 1+ .
2 0,90 - 2 zz 2
oY - 800 9 9 1.4 800 2
20 o 85 _ o
Q =] c + 5
2 3 0.85 | L 600 9 =5 - 600 O
29 o o o, I 0
£o — © 5 1.2
£ — 95
€ 3 0.80 1 ‘ - 400 55 - 400
® < £ |
£0 22 1.0

£ 0.75 - | 200 G E - 200

- | g2 [ J—
T T T T T T T T T T T T T O =~ T T T T T T T T T T T T T 0
SR288 282282888 SR88 8 BE2 S8 3 B8
wind_direction_top_s12759 [deg] wind_direction_top_s12759 [deg]

vy whiffle 3



Aggregated cross-prediction validation

At every new major release of Whiffle’s weather model, the
accuracy is validated at around 50 sites around the globe of * Single measurement *  Multiple measurements
varying complexity and atmospheric conditions.

Whiffle’s LES-based weather model is turbulence resolving,
providing predictions of both wind speed and turbulence.
Around 20 of the validation sites have multiple measurement
locations for validation of cross-predication of the model.
Cross-prediction accuracy is assessed by the sectorial weighted
mean percentage error (WMPE) and the sectorial weighted
mean absolute percentage error (WMAPE) metrics.
Timestamps are included if wind speed > 3 m/s.
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Wind speed cross-prediction
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Wind speed cross-prediction by site

The WMAPE split by site gives insight in the spread of cross prediction accuracy for different measurement
locations pairs within one site, and the spread between sites.
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Wind speed cross prediction by sector

le-2 : N\, .
= The wind speed cross prediction can also be considered
17.0.0-les (4=0.48%, o=6.51%) per sector, per location pair as in Clerc (2012). Standard
8 - ] deviation is around 6.5%. Clerc (2012) report a standard
I deviation of 7.6% for their validation suite.
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Clerc, Alex, et al. "A systematic method for quantifying wind flow
modelling uncertainty in wind resource assessment." Journal of Wind
Engineering and Industrial Aerodynamics 111 (2012): 85-94.
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wind_speed_percentage_speed_up_error [%]

Wind speed cross prediction by distance
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distance [km]

Clerc (2012) also report the speed-up error by distance
between location pairs, and report a fit to the standard
deviation by distance (black dashed line in figure to the
left). Whiffle LES shows a somewhat tighter spread
indicating lower errors on average,

but the validation suites are not one-to-one comparable.

Speed-up error data
=== Eq.10(L1=1km, A= 10%)

Running standard deviation (200 points)
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Clerc, Alex, et al. "A systematic method for quantifying wind flow
modelling uncertainty in wind resource assessment." Journal of Wind
Engineering and Industrial Aerodynamics 111 (2012): 85-94.
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Turbulence intensity cross-prediction
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Accurate (cross) prediction of
turbulence intensity (TI) requires
both wind speed and wind speed
standard deviation to be accurately
modelled. Whiffle LES typically
captures the sectorial weighted
mean Tl within 5%. The sectorial
WMAPE is around 10%.
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